Introduction

32
Insect wings undergo complex and even large deformation when propelling insects into 33 the air (Wootton, 1990) . The insect wing deformation in flight affects flight control and The wing deformation in flight is determined by both load that wing carries and the 47 wing stiffness. The load could be roughly categorized as aerodynamic force and 48 inertial-elastic force (Daniel and Combes, 2002) . Both these two forces have proved to 49 be crucial factors for the instantaneous shape of the wing (Ellington, 1984; Ennos, 1988; 50 Ennos, 1989; Wilkin and Williams, 1993; Zanker and Gotz, 1990 ). The wing stiffness 51 distribution is complicated because the wing is a passive structure mainly composed of 52 veins and membranes (Wootton, 1992) and with no internal muscles inside (Mengesha (Zeng et al., 1996) .
70
The TSM method is composed of heterodyne interferometry and laser triangulation.
71
The error of their measurement is within 1.8%. Although these researches could obtain 72 fine shape information, none of them has given a point to point matching deformation 73 field.
75
In the current paper, the laser stripe triangulation and image matching are employed to 76 measure the shape and deformation of the insect wing under concentrated force. A 77 setup, based on triangulation, is designed and fabricated to achieve the measurement.
78
By light stripe center extraction and image matching, the wing shape and deformation 79 field could be obtained.
81
Materials and Methods
82
Study specimens
83
The tested wing specimens are wings from formosan subterranean termite Coptotermes 84 formosanus and two kinds of mosquito Culicidae. These two Culicidae are not 85 identified the exact species due to limitation of sampling. In this article, the two
86
Culicidae are written as Culicidae 1 and Culicidae 2 in short. All these insects are 87 collected in local garden in summer. They are common flying insects in the vicinity.
88
These wings are chosen for the significant difference in size or venation. During the experiment, the wing fixed on the setup would be scanned twice. In the first 107 scanning, the wing sample, receiving no concentrated force, would be scanned step by image matching could find its corresponding matching point after deformation. 
Results
162
Setup
163
The main components of the setup are camera, lens, linear guide and microforce 164 sensing probe. The adopted camera, MVUB500M, is an industrial camera.
165
MML08-ST170D is employed as the lens. KR20, by THK Co., Ltd., is chosen as the 166 linear guide for its high accuracy. FT-S1000 is used as the microforce sensing probe. for their stability of mechanical property. Fig. 3A -C is the wing sample photograph.
184
During the experiment, the wing with a rod is fixed on the sample holder of scanning 185 system, then it is scanned twice. In the first scanning, both LED and line laser are used 186 to scan the samples. The scanning step length is 0.01 mm. Before the second time 187 scanning, the microforce sensing probe imposes a concentrated force to wing tip area.
188
The white rings in Fig. 3D is nearly cross over the probe zone.
238
For Culicidae 1 wing in Fig. 5 , the spanwise deformation trend increases gradually.
239
There is no significant different between spanwise deformation near leading edge
240
(Section A) and that near trailing edge (Section B). As chordwise deformation near 241 wing base (Section C) is small and flat, torsion contributes little to the whole 242 deformation.
244
The maximum deformation value of Culicidae 1 wing is about 0.30 mm, so the 245 deformation ratio is about 2.7%. The peak deformation near leading edge (Fig. 5A) is resembles section A of Culicidae 1 wing, but with more volatility from wing base to tip.
262
The deformation variation near trailing edge (Section B) is similar with that near 263 leading edge (Section A), but the peak value is 50% lower because section A is closer to 264 the probe zone. The deformation near wing base (Section C) is similar to the section C
265
of Culicidae 1 wing as well, and its peak value is about 0.05 mm at trailing edge point.
266
The deformation near load position (Section D) has a peak value at about 0.1 mm in the than Culicidae 1 wing due to its material and structure, so it has a large deformation force at free end and similarity analysis are employed to explain this phenomenon.
306
First of all, an equation of slope for cantilever beam can be given as below:
308
Where, P is the concentrated force, L is the beam length, I is the moment of inertia, and can also be directly given as below:
316
The maximum deflection of both Culicidae 1 wing and Culicidae 2 wing can be solved 317 by Eqn. 4. The maximum deflection ratio between these two wings is derived as:
319
The meaning of Eqn. 5 is quite simple: only if wings have the same deformation ratio, 320 they would have similar deformation distribution. In this case, the deformation ratio of 
